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PIC18F87/K22 FAMILY

1.1.6 EASY MIGRATION

All devices share the same rich set of peripherals
except that the devices with 32 Kbytes of program
memory (PIC18F65K22 and PIC18F85K22) have two
less CCPs and three less timers. This provides a
smooth migration path within the device family as
applications evolve and grow.

The consistent pinout scheme, used throughout the
entire family, also aids in migrating to the next larger
device. This is true when moving between the 64-pin
members, between the 80-pin members, or even
jumping from 64-pin to 80-pin devices.

All of the devices in the family share the same rich set
of peripherals, except for those with 32 Kbytes of
program memory (PIC18F65K22 and PIC18F85K22).
Those devices have two less CCPs and three less
timers.

The PIC18F87K22 family is also largely pin compatible
with other PIC18 families, such as the PIC18F8720 and
PIC18F8722 and the PIC18F85J11. This allows a new
dimension to the evolution of applications, allowing
developers to select different price points within
Microchip’s PIC18 portfolio, while maintaining a similar
feature set.

1.2 Other Special Features

* Communications: The PIC18F87K22 family
incorporates a range of serial communication
peripherals, including two Enhanced USARTs
(EUSART) that support LIN/J2602, and two
Master SSP modules, capable of both SPI and
[2cm™ (Master and Slave) modes of operation.

* CCP Modules: PIC18F87K22 family devices
incorporate up to seven Capture/Compare/PWM
(CCP) modules. Up to six different time bases can
be used to perform several different operations at
once.

» ECCP Modules: The PIC18F87K22 family has
three Enhanced CCP (ECCP) modules to
maximize flexibility in control applications:

- Up to eight different time bases for
performing several different operations
at once

- Up to four PWM outputs for each module, for
a total of 12 PWMs

- Other beneficial features, such as polarity
selection, programmable dead time,
auto-shutdown and restart, and Half-Bridge
and Full-Bridge Output modes

12-Bit A/D Converter: The PIC18F87K22 family
has differential ADC. It incorporates program-
mable acquisition time, allowing for a channel to
be selected and a conversion to be initiated
without waiting for a sampling period, and thus,
reducing code overhead.

Charge Time Measurement Unit (CTMU): The
CTMU is a flexible analog module that provides
accurate differential time measurement between
pulse sources, as well as asynchronous pulse
generation.

Together with other on-chip analog modules, the
CTMU can precisely measure time, measure
capacitance or relative changes in capacitance, or
generate output pulses that are independent of
the system clock.

LP Watchdog Timer (WDT): This enhanced
version incorporates a 22-bit prescaler, allowing
an extended time-out range that is stable across
operating voltage and temperature. See

Section 31.0 “Electrical Characteristics” for
time-out periods.

Real-Time Clock and Calendar Module
(RTCC): The RTCC module is intended for appli-
cations requiring that accurate time be maintained
for extended periods of time with minimum to no
intervention from the CPU.

The module is a 100-year clock and calendar with
automatic leap year detection. The range of the
clock is from 00:00:00 (midnight) on January 1,
2000 to 23:59:59 on December 31, 2099.
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PIC18F87/K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT 1/0O DESCRIPTIONS (CONTINUED)

. Pin Number | pjy | guffer -
Pin Name Description
QFN/TQFP |Type| Type
PORTE is a bidirectional 1/O port.
REO/RD/P2D 2
REO I/0 ST Digital 1/0.
RD | TTL Parallel Slave Port read strobe.
P2D o] — EECP2 PWM Output D.
RE1/WR/P2C 1
RE1 /0 ST Digital I/O.
WR | TTL Parallel Slave Port write strobe.
P2C (0] — ECCP2 PWM Output C.
RE2/CS/P2B/CCP10 64
RE2 /0 ST Digital 1/0.
CSs | TTL Parallel Slave Port chip select.
P2B o] — ECCP2 PWM Output B.
ccp10©®) /0 SIT Capture 10 input/Compare 10 output/PWM10 output.
RE3/P3C/CCP9/REFO 63
RE3 /0 ST Digital 1/0.
P3C o] — ECCP3 PWM Output C.
ccp9ot4) o | sIT Capture 9 input/Compare 9 output/PWM9 output.
REFO (0] — Reference clock out.
RE4/P3B/CCP8 62
RE4 /0 ST Digital 1/0.
P3B (0] — ECCP3 PWM Output B.
ccprs® o | st Capture 8 input/Compare 8 output/PWM8 output.
RE5/P1C/CCP7 61
RE5 /0 ST Digital I/O.
P1C o] — ECCP1 PWM Output C.
ccp7® o | st Capture 7 input/Compare 7 output/PWM?7 output.
RE6/P1B/CCP6 60
RE6 /0 ST Digital 1/0.
P1B o] — ECCP1 PWM Output B.
ccpe /0 SIT Capture 6 input/Compare 6 output/PWM6 output.
RE7/ECCP2/P2A 59
RE7 /0 ST Digital 1/0.
ECCP2(d /0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A (0] — ECCP2 PWM Output A.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P  =Power oD = Open-Drain (no P diode to VDD)

1’C =12C™/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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TABLE 1-4: PIC18F8XK22 PINOUT 1/O DESCRIPTIONS

Pin Name Pin Number | pin | Buffer Description
TQFP Type| Type
9 Master Clear (input) or programming voltage (input).
MCLR/RG5
RG5 | ST This pin is an active-low Reset to the device.
MCLR | ST General purpose, input only pin.
OSC1/CLKI/RA7 49 Oscillator crystal or external clock input.

OSCH1 | CMOS Oscillator crystal input.

CLKI | CMOS External clock source input. Always associated
with pin function, OSCA1. (See related OSC1/CLKI,
OSC2/CLKO pins.)

RA7 110 TTL General purpose /O pin.

OSC2/CLKO/RA6 50 Oscillator crystal or clock output.

0SsC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (e} — In certain oscillator modes, OSC2 pin outputs CLKO,
which has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RA6 110 TTL General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C™/SMBus

Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K22 and PIC18F85K22 devices.
PSP is available only in Microcontroller mode.

The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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6.6.3 MAPPING THE ACCESS BANK IN

INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user-defined “window”
that can be located anywhere in the data memory
space.

The value of FSR2 establishes the lower boundary of
the addresses mapped into the window, while the
upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped
as previously described. (See Section 6.3.2 “Access
Bank”.) An example of Access Bank remapping in this
addressing mode is shown in Figure 6-10.

FIGURE 6-10:
OFFSET ADDRESSING

Remapping the Access Bank applies only to operations
using the Indexed Literal Offset mode. Operations that
use the BSR (Access RAM bit = 1) will continue to use
Direct Addressing as before. Any Indirect or Indexed
Addressing operation that explicitly uses any of the
indirect file operands (including FSR2) will continue to
operate as standard Indirect Addressing. Any instruc-
tion that uses the Access Bank, but includes a register
address of greater than O05Fh, will use Direct
Addressing and the normal Access Bank map.

6.6.4 BSR IN INDEXED LITERAL

OFFSET MODE

Although the Access Bank is remapped when the
extended instruction set is enabled, the operation of the
BSR remains unchanged. Direct Addressing, using the
BSR to select the data memory bank, operates in the
same manner as previously described.

REMAPPING THE ACCESS BANK WITH INDEXED LITERAL

Example Situation:

000h
ADDVF , d, a 05Fh Not Accessible
FSR2H:FSR2L = 120h 5
Locations in the region Bank 0
from the FSR2 Pointer 100h
(120h) to the pointer plus 120hF — — — — -
05Fh (17Fh) are mapped  17n Window } oon
to the bottom of the r _Ba:k1_ - \ _
Access RAM (000h-05Fh).  200h Bank 1 “Window”
Special Function Registers | (| = — = — — — 252
at F60h through FFFh are J
mapped to 60h through hoi Bank 2 A
FFh, as usual. through SFRs
Bank 0 addresses below Bank 14
5Fh are not available in FFh
this mode. They can still Access Bank
be addressed by using the FOOh
BSR.

Bank 15
F6Ohf — — — — — o
SFRs
FFFh

Data Memory
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8.2 Address and Data Width

The PIC18F87K22 family of devices can be indepen-
dently configured for different address and data widths
on the same memory bus. Both address and data width
are set by Configuration bits in the CONFIG3L register.
As Configuration bits, this means that these options
can only be configured by programming the device and
are not controllable in software.

The BW bit selects an 8-bit or 16-bit data bus width.
Setting this bit (default) selects a data width of 16 bits.

The ABW<1:0> bits determine both the program mem-
ory operating mode and the address bus width. The
available options are 20-bit, 16-bit and 12-bit, as well
as Microcontroller mode (external bus is disabled).
Selecting a 16-bit or 12-bit width makes a correspond-
ing number of high-order lines available for 1/O
functions. These pins are no longer affected by the
setting of the EBDIS bit. For example, selecting a
16-Bit Addressing mode (ABW<1:0>=01) disables
A<19:16> and allows PORTH<3:0> to function without
interruptions from the bus. Using the smaller address
widths allows users to tailor the memory bus to the size
of the external memory space for a particular design
while freeing up pins for dedicated I/O operation.

Because the ABW bits have the effect of disabling pins
for memory bus operations, it is important to always
select an address width at least equal to the data width.
If a 12-bit address width is used with a 16-bit data
width, the upper four bits of data will not be available on
the bus.

All combinations of address and data widths require
multiplexing of address and data information on the
same lines. The address and data multiplexing, as well
as /O ports made available by the use of smaller
address widths, are summarized in Table 8-2.

8.2.1 ADDRESS SHIFTING ON THE
EXTERNAL BUS

By default, the address presented on the external bus
is the value of the PC. In practical terms, this means
that addresses in the external memory device, below
the top of on-chip memory, are unavailable to the
microcontroller. To access these physical locations, the
glue logic between the microcontroller and the external
memory must somehow translate addresses.

To simplify the interface, the external bus offers an
extension of Extended Microcontroller mode that
automatically performs address shifting. This feature is
controlled by the EASHFT Configuration bit. Setting
this bit offsets addresses on the bus by the size of the
microcontroller’s on-chip program memory and sets
the bottom address at 0000h. This allows the device to
use the entire range of physical addresses of the
external memory.

8.2.2 21-BIT ADDRESSING

As an extension of 20-bit address width operation, the
External Memory Bus can also fully address a 2-Mbyte
memory space. This is done by using the Bus Address
Bit 0 (BAO) control line as the Least Significant bit of the
address. The UB and LB control signals may also be
used with certain memory devices to select the upper
and lower bytes within a 16-bit wide data word.

This addressing mode is available in both 8-Bit and
certain 16-Bit Data Width modes. Additional details are
provided in Section 8.6.3 “16-Bit Byte Select Mode”
and Section 8.7 “8-Bit Data Width Mode”.

TABLE 8-2: ADDRESS AND DATA LINES FOR DIFFERENT ADDRESS AND DATA WIDTHS
Multiplexed Data and | Address Only Lines Ports Available
Data Width Address Width Address Lines (and (and Corresponding
. for 110
Corresponding Ports) Ports)
12-bit AD<11:8> PORTE<7:4>,
(PORTE<3:0>) All of PORTH
. AD<15:8>
. 16-bit AD<7:0> i All of PORTH
8-bit (PORTD<7:0>) (PORTE<7:0>)
A<19:16>, AD<15:8>
20-bit (PORTH<3:0>, —
PORTE<7:0>)
16-bit AD<15:0> — All of PORTH
16-bit 20-bi (PORTD<7:0>, A<19:16>
0-bit PORTE<7:0>) (PORTH<3:0>) -

© 2009-2011 Microchip Technology Inc.
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TABLE 9-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
EEADRH |EEPROM Address Register High Byte
EEADR EEPROM Address Register Low Byte
EEDATA EEPROM Data Register
EECON2 |EEPROM Control Register 2 (not a physical register)
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD
IPR6 — — — EEIP — CMP3IP CMP2IP CMP1IP
PIR6 — — — EEIF — CMP3IF CMP2IF CMP1IF
PIE6 — — — EEIE — CMP3IE CMP2IE CMP1IE
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.

DS39960D-page 138
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12.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to nine ports available. Some
pins of the 1/0 ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose I/O pin.

Each port has three memory mapped registers for its
operation:

* TRIS register (Data Direction register)

* PORT register (reads the levels on the pins of the
device)
» LAT register (Output Latch register)

Reading the PORT register reads the current status of
the pins, whereas writing to the PORT register writes to
the Output Latch (LAT) register.

Setting a TRIS bit (= 1) makes the corresponding port
pin an input (putting the corresponding output driver in
a High-Impedance mode). Clearing a TRIS bit (= 0)
makes the corresponding port pin an output (i.e., puts
the contents of the corresponding LAT bit on the
selected pin).

The Output Latch (LAT register) is useful for
read-modify-write operations on the value that the 1/0
pins are driving. Read-modify-write operations on the
LAT register read and write the latched output value for
the PORT register.

A simplified model of a generic 1/0O port, without the
interfaces to other peripherals, is shown in Figure 12-1.

FIGURE 12-1: GENERIC I/O PORT
OPERATION
]
RD LAT N
Data
Bus D Q l/,\o/ %
WR LAT 1/O Pin
or PORT Kx N
Data Latch

e— D Q

WR TRIS EEKX—\_

TRIS Latch Input
Buffer

b
RD TRIS I

/I Q D

EN
RD PORT {>O —|

12.1 1/O Port Pin Capabilities

When developing an application, the capabilities of the
port pins must be considered. Outputs on some pins
have higher output drive strength than others. Similarly,
some pins can tolerate higher than VDD input levels.

All of the digital ports are 5.5V input tolerant. The ana-
log ports have the same tolerance — having clamping
diodes implemented internally.

12.11 PIN OUTPUT DRIVE

When used as digital I/O, the output pin drive strengths
vary, according to the pins’ grouping, to meet the needs
for a variety of applications. In general, there are two
classes of output pins, in terms of drive capability:

» Outputs designed to drive higher current loads,
such as LEDs:
- PORTA - PORTB
- PORTC

» Outputs with lower drive levels, but capable of
driving normal digital circuit loads with a high input

impedance. Able to drive LEDs, but only those
with smaller current requirements:

- PORTD - PORTE
- PORTF - PORTG
- PORTH(M - PORTJ(M
T These ports are not available on 64-pin
devices.
12.1.2 PULL-UP CONFIGURATION

Four of the 1/0O ports (PORTB, PORTD, PORTE and
PORTJ) implement configurable weak pull-ups on all
pins. These are internal pull-ups that allow floating
digital input signals to be pulled to a consistent level
without the use of external resistors.

The pull-ups are enabled with a single bit for each of the
ports: RBPU (INTCON2<7>) for PORTB, and RDPU,
REPU and RJPU (PADCFG1<7:5>) for the other ports.

© 2009-2011 Microchip Technology Inc.

DS39960D-page 165



PIC18F87/K22 FAMILY

14.4 Timerl 16-Bit Read/Write Mode

Timer1 can be configured for 16-bit reads and writes.
When the RD16 control bit (T1CON<1>) is set, the
address for TMR1H is mapped to a buffer register for
the high byte of Timer1. A read from TMR1L loads the
contents of the high byte of Timer1 into the Timer1 High
Byte Buffer register. This provides the user with the
ability to accurately read all 16 bits of Timer1 without
having to determine whether a read of the high byte,
followed by a read of the low byte, has become invalid
due to a rollover between reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits at once to both the high and low bytes of Timer1.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler; the
prescaler is only cleared on writes to TMR1L.

14,5 SOSC Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins, SOSCI (input) and SOSCO (amplifier
output). It is enabled by any peripheral that requests it.
There are eight ways the SOSC can be enabled: if the
SOSC is selected as the source by any of the odd
timers, which is done by each respective SOSCEN bit
(TxCON<3>), if the SOSC is selected as the RTCC
source by the RTCOSC Configuration bit
(CONFIG3L<1>), if the SOSC is selected as the CPU
clock source by the SCS bits (OSCCON<1:0>) or if the
SOSCGO bit is set (OSCCON2<3>). The SOSCGO bit
is used to warm up the SOSC so that it is ready before
any peripheral requests it. The oscillator is a low-power
circuit, rated for 32 kHz crystals. It will continue to run
during all power-managed modes. The circuit for a typi-
cal low-power oscillator is depicted in Figure 14-2.
Table 14-2 provides the capacitor selection for the
SOSC oscillator.

The user must provide a software time delay to ensure
proper start-up of the SOSC oscillator.

FIGURE 14-2: EXTERNAL COMPONENTS
FOR THE SOSC
LOW-POWER OSCILLATOR

c1
12 pF PIC18F87K22
——— X sosci
— XTAL
T 32.768 kHz
——{X}{sosco
c2
12 pF

Note: See the Notes with Table 14-2 for additional
information about capacitor selection.

TABLE 14-2: CAPACITOR SELECTION FOR
THE TIMER
OSCILLATOR(@345)

Oscillator
Type Freq. C1 Cc2
LP 32 kHz 12 pFd 12 pFd

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

2: Higher capacitance increases the stabil-
ity of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guid-
ance only. Values listed would be typical
of a CL = 10 pF rated crystal when
SOSCSEL<1:0> = 11.

5: Incorrect capacitance value may result in
a frequency not meeting the crystal

manufacturer’s tolerance specification.

The SOSC crystal oscillator drive level is determined
based on the SOSCSEL<1:0> (CONFIG1L<4:3>) Con-
figuration bits. The Higher Drive Level mode,
SOSCSEL<1:0> =11, is intended to drive a wide variety
of 32.768 kHz crystals with a variety of Capacitance
Load (CL) ratings.

© 2009-2011 Microchip Technology Inc.
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FIGURE 18-5:

ALARM MASK SETTINGS

Alarm Mask Setting
AMASK<3:0>

0000 — Every half second
0001 — Every second

0010 — Every 10 seconds
0011 — Every minute
0100 — Every 10 minutes
0101 — Every hour

0110 — Every day

0111 — Every week

1000 — Every month

1001 — Every year®

Note 1:

Day of the
Week

OB OO0 OO E

Month Day

L0/

L0100
L0170
L0170
L0170
L0170
O0/00
10/l
[m][m] /[a][a]

Annually, except when configured for February 29.

Hours Minutes  Seconds

NN RGN N
HiNgREgNN
L0 CET [
10T ] s (<]
10 e [m]{m] : [<]<]
(] e [m]{m] s [ ][]
[n](n] & [m][m] s [s][<]
[ (0] & [m][m] s [<][<]
[ (0] & [m][m] s [<][<]

When ALRMCFG = 00 and the CHIME bit =

0 18.3.2

ALARM INTERRUPT

(ALRMCFG<6>), the repeat function is disabled and
only a single alarm will occur. The alarm can be
repeated up to 255 times by loading the ALRMRPT
register with FFh.

After each alarm is issued, the ALRMRPT register is
decremented by one. Once the register has reached
‘00’, the alarm will be issued one last time.

After the alarm is issued a last time, the ALRMEN bit is
cleared automatically and the alarm is turned off.
Indefinite repetition of the alarm can occur if the
CHIME bit = 1.

When CHIME = 1, the alarm is not disabled when the
ALRMRPT register reaches ‘00’, but it rolls over to FF
and continues counting indefinitely.

At every alarm event, an interrupt is generated. Addi-
tionally, an alarm pulse output is provided that operates
at half the frequency of the alarm.

The alarm pulse output is completely synchronous with
the RTCC clock and can be used as a trigger clock to
other peripherals. This output is available on the RTCC
pin. The output pulse is a clock with a 50% duty cycle
and a frequency half that of the alarm event (see
Figure 18-6).

The RTCC pin also can output the seconds clock. The
user can select between the alarm pulse, generated by
the RTCC module, or the seconds clock output.

The RTSECSEL<1:0> bits (PADCFG1<2:1>) select
between these two outputs:

* Alarm pulse — RTSECSEL<1:0> =00

» Seconds clock — RTSECSEL<1:0> =01

© 2009-2011 Microchip Technology Inc.
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REGISTER 19-1: CCPxCON: CCPx CONTROL REGISTER (CCP4-CCP10 MODULES)™®

bit 3-0 CCPxM<3:0>: CCPx Module Mode Select bits(?)
0000 = Capture/Compare/PWM disabled (resets CCPx module)
0001 = Reserved
0010 = Compare mode, toggle output on match (CCPxIF bit is set)
0011 = Reserved
0100 = Capture mode: every falling edge
0101 = Capture mode: every rising edge
0110 = Capture mode: every 4th rising edge
0111 = Capture mode: every 16th rising edge
1000 = Compare mode: initialize CCPx pin low; on compare match, force CCPx pin high (CCPxIF bit is set)
1001 = Compare mode: initialize CCPx pin high; on compare match, force CCPx pin low (CCPxIF bit is set)
1010 = Compare mode: generate software interrupt on compare match (CCPxIF bit is set, CCPx pin
reflects /O state)
1011 = Compare mode: Special Event Trigger; reset timer on CCPx match (CCPxIF bit is set)
11xx = PWM mode

Note 1: The CCP9 and CCP10 modules are not available on devices with 32 Kbytes of program memory
(PIC18FX5K22).

2: CCPxM<3:0> = 1011 will only reset the timer and not start AN A/D conversion on CCPx match.

REGISTER 19-2: CCPTMRS1: CCP TIMER SELECT REGISTER 1

R/W-0 R/W-0 uU-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0
C7TSEL1 C7TSELO — C6TSELO — C5TSELO C4TSEL1 C4TSELO
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 C7TSEL<1:0>: CCP7 Timer Selection bits

00 = CCP7 is based off of TMR1/TMR2
01 = CCP7 is based off of TMR5/TMR4
10 = CCP7 is based off of TMR5/TMR6
11 = CCP7 is based off of TMR5/TMR8
bit 5 Unimplemented: Read as ‘0’
bit 4 C6TSELO: CCP6 Timer Selection bit
0 = CCP6 is based off of TMR1/TMR2
1 = CCP6 is based off of TMR5/TMR2
bit 3 Unimplemented: Read as ‘0’
bit 2 C5TSELO: CCP5 Timer Selection bit
0 = CCP5 is based off of TMR1/TMR2
1 = CCP5is based off of TMR5/TMR4
bit 1-0 CATSEL<1:0>: CCP4 Timer Selection bits

00 = CCP4 is based off of TMR1/TMR2
01 = CCP4 is based off of TMR3/TMR4
10 = CCP4 is based off of TMR3/TMR6
11 = Reserved; do not use
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21.3.1 REGISTERS

Each MSSP module has four registers for SPI mode

operation. These are:

* MSSPx Control Register 1 (SSPxCON1)

* MSSPx Status Register (SSPxSTAT)

» Serial Receive/Transmit Buffer Register
(SSPxBUF)

* MSSPx Shift Register (SSPxSR) — Not directly
accessible

SSPxCON1 and SSPxSTAT are the control and status
registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower 6 bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.

REGISTER 21-1:

SSPxSR is the shift register used for shifting data in or
out. SSPxBUF is the buffer register to which data
bytes are written to or read from.

In receive operations, SSPxSR and SSPxBUF
together create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR.

SSPXSTAT: MSSPx STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE® D/A P s | rRW | ua BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 SMP: Sample bit

SPI Master mode:

1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time

SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Select bit(!)

1 = Transmit occurs on the transition from active to Idle clock state
0 = Transmit occurs on the transition from Idle to active clock state

bit 5 D/A: Data/Address bit
Used in I°C™ mode only.
bit 4 P: Stop bit

Used in 12C mode only. This bit is cleared when the MSSPx module is disabled; SSPEN is cleared.
bit 3 S: Start bit
Used in 1°C mode only.

bit 2 R/W: Read/Write Information bit
Used in 12C mode only.
bit 1 UA: Update Address bit
Used in 1°C mode only.
bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive is complete, SSPxBUF is full
0 = Receive is not complete, SSPxBUF is empty

Note 1: Polarity of clock state is set by the CKP bit (SSPxCON1<4>).
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21.4 1°C Mode

The MSSP module in 1°C mode fully implements all
master and slave functions (including general call
support), and provides interrupts on Start and Stop bits
in hardware to determine a free bus (multi-master
function). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

« Serial Clock (SCLx) — RC3/SCK1/SCL1 or
RD6/SCK2/SCL2

» Serial Data (SDAx) — RC4/SDI1/SDA1 or
RD5/SDI2/SDA2

The user must configure these pins as inputs by setting
the associated TRIS bits.

FIGURE 21-7: MSSP BLOCK DIAGRAM
(I’C™ MODE)
< Internal
Data Bus
Write

SCLx ,\

X L Shift

SDAXx

MSb
>—
Match Detect | Addr Match
Address Mask

SSPxADD reg

Start and Set, Reset
Stop bit Detect |~ S, P bits
(SSPxSTAT reg)

Note: Only port /0 names are used in this diagram for
the sake of brevity. Refer to the text for a full list of
multiplexed functions.

21.4.1 REGISTERS

The MSSP module has seven registers for [°C
operation. These are:

* MSSPx Control Register 1 (SSPxCON1)
* MSSPx Control Register 2 (SSPxCON2)
* MSSPx Status Register (SSPxSTAT)

» Serial Receive/Transmit Buffer Register
(SSPxBUF)

* MSSPx Shift Register (SSPxSR) — Not directly
accessible

* MSSPx Address Register (SSPxADD)
+ 12C Slave Address Mask Register (SSPxMSK)

SSPxCON1, SSPxCON2 and SSPxSTAT are the
control and status registers in 1°C mode operation. The
SSPxCON1 and SSPxCONB2 registers are readable and
writable. The lower 6 bits of the SSPxSTAT are
read-only. The upper two bits of the SSPxSTAT are
read/write.

SSPxSR is the shift register used for shifting data in or
out. SSPxBUF is the buffer register to which data
bytes are written to or read from.

SSPxADD contains the slave device address when the
MSSP is configured in I1°C Slave mode. When the
MSSP is configured in Master mode, the lower seven
bits of SSPXADD act as the Baud Rate Generator
reload value.

SSPxMSK holds the slave address mask value when
the module is configured for 7-Bit Address Masking
mode. While it is a separate register, it shares the same
SFR address as SSPxADD; it is only accessible when
the SSPM<3:0> bits are specifically set to permit
access. Additional details are provided in
Section 21.4.3.4 “7-Bit Address Masking Mode”.

In receive operations, SSPxSR and SSPxBUF
together, create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR.
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21.4.7.2 Clock Arbitration SCLx pin is sampled high, the Baud Rate Generator is

Clock arbitration occurs when the master, during any reloaded with the contents of SSPxADD<6:0> and

receive, transmit or Repeated Start/Stop condition, begins counting. This ensures that the SCLx high time

deasserts the SCLx pin (SCLx allowed to float high). will always be at Iea§t one BRG rollover count in t.he
When the SCLx pin is allowed to float high, the Baud ev.ent that the clock is held low by an external device
Rate Generator (BRG) is suspended from counting (Figure 21-20).

until the SCLx pin is actually sampled high. When the

FIGURE 21-20: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDAX DX >< DX -1

SCLx Deasserted but Slave Holds SCLx Allowed to Transition High
SCLx Low (clock arbitration) | r

SCLx \ /

BRG Decrements on
Q2 and Q4 Cycles

BRG : 1 l l \

| 03h X 02h >< 01h >< 00h (hold off) |>< 03h >< 02h
Value |

|

SCLx is Sampled High, Reload takes
Place and BRG Starts its Count _1

BRG

Reload
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TABLE 22-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | TMR1GIP | TMR2IP TMR1IP
PIR3 TMR5GIF — RC2IF TX2IF CTMUIF CCP2IF CCP1IF RTCCIF
PIE3 TMR5GIE — RC2IE TX2IE CTMUIE CCP2IE CCP1IE RTCCIE
IPR3 TMR5GIP — RC2IP TX2IP CTMUIP CCP2IP CCP1IP RTCCIP
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG1 EUSART1 Receive Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCONT1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG2 EUSART2 Receive Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register
ODCON3 u20D U10D — — — — — CTMUDS
PMDO CCP3MD | CCP2MD | CCP1MD |UART2MD | UART1MD | SSP2MD | SSP1MD | ADCMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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REGISTER 23-10: ANCON2: A/D PORT CONFIGURATION REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANSEL23® | ANSEL22( | ANSEL21(M | ANSEL20®) | ANSEL19 | ANSEL18 | ANSEL17 | ANSEL16
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 ANSEL<23:16>: Analog Port Configuration bits (AN23 through AN16)(®)

1 = Pin is configured as an analog channel; digital input is disabled and any inputs read as ‘0’

0 = Pin is configured as a digital port

Note 1. AN15 through AN12 and AN23 through AN20 are implemented only on 80-pin devices. For 64-pin
devices, the corresponding ANSELX bits are still implemented for these channels, but have no effect.

The analog reference voltage is software-selectable to
either the device’s positive and negative supply voltage
(AVDD and AVss) or the voltage level on the
RA3/AN3/VREF+ and RA2/AN2/VREF- pins. VREF+ has
two additional Internal Reference Voltage selections:
2.048V and 4.096V.

The A/D Converter can uniquely operate while the
device is in Sleep mode. To operate in Sleep, the A/D
conversion clock must be derived from the A/D
Converter’s internal RC oscillator.

The output of the Sample-and-Hold (S/H) is the input
into the converter, which generates the result via
successive approximation.

Each port pin associated with the A/D Converter can be
configured as an analog input or a digital 1/0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit (ADCONO0<1>) is
cleared and the A/D Interrupt Flag bit, ADIF (PIR1<6>),
is set.

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted. The value in the
ADRESH:ADRESL register pair is not modified for a
Power-on Reset. These registers will contain unknown
data after a Power-on Reset.

The block diagram of the A/D module is shown in
Figure 23-4.
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27.5 Measuring Capacitance with the
CTMU

There are two ways to measure capacitance with the
CTMU. The absolute method measures the actual
capacitance value. The relative method only measures
for any change in the capacitance.

27.5.1 ABSOLUTE CAPACITANCE
MEASUREMENT

For absolute capacitance measurements, both the

current and capacitance calibration steps found in

Section 27.4 “ Calibrating the CTMU Module” should
be followed.

To perform these measurements:

Initialize the A/D Converter.
Initialize the CTMU.

Set EDG1STAT.

Wait for a fixed delay, T.
Clear EDG1STAT.

Perform an A/D conversion.

Calculate the total capacitance, CToTAL = (I* T)/V,

where:

» Tis known from the current source
measurement step (Section 27.4.1 “Current
Source Calibration™)

* Tis a fixed delay
* Vis measured by performing an A/D conversion

8. Subtract the stray and A/D capacitance
(CorrseT from Section 27.4.2 “Capacitance
Calibration”) from CTOTAL to determine the
measured capacitance.

NS ok b=

27.5.2 RELATIVE CHARGE
MEASUREMENT

Not all applications require precise capacitance
measurements. When detecting a valid press of a
capacitance-based switch, only a relative change of
capacitance needs to be detected.

In such an application, when the switch is open (or not
touched), the total capacitance is the capacitance of the
combination of the board traces, the A/D Converter and
other elements. A larger voltage will be measured by the
A/D Converter. When the switch is closed (or touched),
the total capacitance is larger due to the addition of the
capacitance of the human body to the above listed
capacitances and a smaller voltage will be measured by
the A/D Converter.

To detect capacitance changes simply:

1. Initialize the A/D Converter and the CTMU.
2. Set EDG1STAT.

3. Wait for a fixed delay.

4. Clear EDG1STAT.

5. Perform an A/D conversion.

The voltage measured by performing the A/D conver-
sion is an indication of the relative capacitance. In this
case, no calibration of the current source or circuit
capacitance measurement is needed. (For a sample
software routine for a capacitive touch switch, see
Example 27-4.)
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31.1 DC Characteristics: Supply Voltage
PIC18F87K22 Family (Industrial/Extended)

. Standard Operating Conditions (unless otherwise stated)
Plcaﬁgﬁzgilz/;x?;nrﬂﬂid) Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA < +125°C for extended
P?\Em Symbol Characteristic Min Typ Max |Units Conditions
D001 |VDD Supply Voltage 1.8 — 3.6 V |ENVREG tied to Vss
1.8 — 5.5 V |ENVREG tied to VDD
D001C [AVDD Analog Supply Voltage VoD -0.3 — VoD +0.3| V
DO001D [AVss Analog Ground Potential [Vss -0.3 — Vss +0.3| V
D002 |VDR RAM Data Retention 1.5 — — \Y,
Voltage®
D003 |[VPOR VDD Start Voltage — — 0.7 V |See Section 5.3 “Power-on
to Ensure Internal Reset (POR)” for details
Power-on Reset Signal
D004 |[SvbD VDD Rise Rate 0.05 — — V/ms |See Section 5.3 “Power-on
to Ensure Internal Reset (POR)” for details
Power-on Reset Signal
D005 |BvbD Brown-out Reset
Voltage (High/Medium/
Low-Power mode)®@
BORV<1:0> = 11¢) 1.69 1.8 1.91
BORV<1:0> =10 1.88 20 212
BORV<1:0> =01 2.53 27 2.86
BORV<1:0> =00 2.82 3.0 3.18

Note 1: This is the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.
2:  The following values are taken in HP-BOR mode.
3: The device will operate normally until Brown-out Reset occurs, even though VDD may be below VDDMIN.
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31.2 DC Characteristics:

Power-Down and Supply Current

PIC18F87K22 Family (Industrial/Extended)

. Standard Operating Conditions (unless otherwise stated
Plcaizit};ﬁg)ﬁ;‘&d) Operating te?nperatgre -40‘SC < TA < +85°C for industr)ial
-40°C < TA < +125°C for extended
Pa;\:sm Device Typ Max | Units Conditions
Power-Down Current (Ipp){D)
All devices 10 500 nA -40°C
20 500 nA +25°C VoD = 1.8V©4
120 600 nA +60°C (Sleep mode)
630 1800 nA +85°C Regulator Disabled
4 9 HA +125°C
All devices 50 700 nA -40°C
60 700 nA +25°C VoD = 3.3V@
170 800 nA +60°C (Sleep mode)
700 2700 nA +85°C Regulator Disabled
5 11 HA +125°C
All devices 350 1300 nA -40°C
400 1400 nA +25°C Vop = 5v®
550 1500 nA +60°C (Sleep mode)
1350 4000 nA +85°C Regulator Enabled
6 12 MA +125°C

Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
the part in Sleep mode, with all I/O pins in a high-impedance state and tied to VDD or Vss, and all features that add delta
current are disabled (such as WDT, SOSC oscillator, BOR, etc.).

2:  The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/0O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on

the current consumption.

The test conditions for all IDD measurements in Active Operation mode are:
OSC1 = External square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;

MCLR = VbD; WDT enabled/disabled as specified.

3: Standard, low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.

4:  Voltage regulator disabled (ENVREG = 0, tied to Vss, RETEN (CONFIG1L<0>) = 1).

a

6: 48 MHz, maximum frequency at +125°C.

Voltage regulator enabled (ENVREG = 1, tied to VDD, SRETEN (WDTCON<4>) =1 and RETEN (CONFIG1L<0>) = 0).
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31.5 AC (Timing) Characteristics
31.5.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created

following one of the following formats:

1. TppS2ppS 3. Tcc:sT (12C specifications only)
2. TppS 4. Ts (12C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSCH1
ck CLKO rd RD
cs [ w RD or WR
di SDI sC SCK
do SDO ss Ss
dt Data in t0 TOCKI
io 1/0O port t1 T1CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
| Invalid (High-impedance) \Y Valid
L Low V4 High-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I2C specifications only)
CcC
HD Hold SuU Setup
ST
DAT DATA input hold STO Stop condition
STA Start condition
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OPEration .........oceeviieiiii it 296
Read/Write Bit Information (R/W Bit) oo 296, 299
Registers
Serial Clock (RC3/SCKX/SCLX) .....eevuverveeniieriieeninenns 299
Slave Mode.........oooiiiiiiiii e 296
Address Masking Modes
BBit i

7-Bit ..... ...298
Addressing... ... 296
Reception........ ...299
Transmission .. ..299
Sleep Operation.............
Stop Condition TimMiNg........ccccoeoeiriiniierieeee e
ID Locations .........ccccocvrenueennen.
INCF e
INCFSZ ...t
In-Circuit Debugger
In-Circuit Serial Programming (ICSP) ........cccccooeeene 403, 429
Indexed Literal Offset Addressing
and Standard PIC18 Instructions............ccccevveeninnne 478
Indexed Literal Offset Mode..........cccceeeieiiiiiiiniieeiiece 478
Indirect ADAressing ........cccoeeeeiieiienie e 106
INFSNZ
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ADDWEFC
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Considerations when Enabling................c.c....... 478
Syntax

INCFSZ...
INFSNZ...
IORLW....
IORWEF....

SUBWFB ...
SWAPF...
TBLRD....
TBLWT ...
TSTFSZ.....

INTCON Register

RBIF Bit .o 172

Inter-Integrated Circuit. See 12C.

Internal Oscillator BIOCK...........ccccviiiieiiiiieeiecieeeeeeeee. 52
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INTIO MOGES ..ot 52
INTOSC

Frequency Drift.........ccccceiiiiiiniie e 53
Output FrequencCy.........ccoveieiiinecieenieeseeee 53
INTPLL MOAES......cciiiiiiiiiiicie e 52
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Use With WD T ... 419
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